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ACTIVATION ANALYSIS OF ADMIXTURES IN 

OV 

CERTAIN SfcMICONDUCTi4» MATERIALS 

P. I. Artyukhin, E. P. Gil'bert and 
V. A. Fronin 

Silicon, arsenic and thallium are some of the main materials of semi- 
conductor's* technology, therefore great importance is attached to an analysis of 
the trace contaminants contained in them. No less stiff requirements on the 
quantity of admixture elements are also made of the initial products for obtaining 

s 

semiconductiM* substances. The activation method is the most sensitive one for 
analyzing trace contaminants. 

A fairly large number of works |_1-8J treat activation analysis of admixtures 
in silicon and the initial products to obtain it. In some of these publications 
description is given of the analysis of admixtures a r ter breakdown of the 
sample and the separation of each radioactive element in the rad iochemically pure 
form with the help of ordinary analytical methods. Usually these techniques, 
although they possess a high sensitivity of analysis, are complicated and labor- 
consuming. In other works the admixture elements were analyzed directly 

by the ysp^tra without sample breakdown. Admixtures in thallium were analyzed 
analogously {_9 J • 

Direct y-spectrometric analysis of admixtures even in the most favorable 
cases (radioactive isotopes of the macroLase- -either pure (3-emitters, or rapidly 
break down) is not always possible since, due to the presence of a large number of 
admixture elements, complex Y _B P ec ^ ra are obtained which are not susceptible to 
interpretation. 

* Numbers in the margin indicate pagination of the original foreign text. 
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Analysis of admixtures in arsenic by the activation method has been described 
in only one wcrk L 1 0*] , which used radiochemical separation of each admixture. 
Analysis of the trace contaminants in arsenic without breakdown is generally 
impossible due to the strong activation of the base substance. 


Recently, works have begun to appear which combine the y-spectrometric and 
radiochemical variants . This approach seems the most expedient to us. The use 
of extraction and chromatographic operations to separate macrobases, as well as 
to divide elements into groups convenient for ^ -spectrometric analysis signifi- 
cantly simplifies and accelerates the analysis (_1 1 1 . 


/l?0 


The studies we conducted on the extraction properties of 3.8' -dichlorodiethyl 
ether (chlorex) [_1 2, 13] end dimethylbenzylalkylammonlum chloride (quaternary 
ammonium compound) [_14], as well as the published data on extraction of a number 
of elements of di-n-butylthiophosphoric acid (PBITA) [_15]» and according to 
chromatographic separation of elements j_4, 1 6], made it possible to develop a 
number of techniques for activation analysis of ceitain admixtures in ■.’.icon, 
arsenic, thallium and trichloromethylsil ane . Here, especial attention was paid 
to separation of admixtures in the form of groups suitable for } -spectrometric 
analysis. 


Extraction by chlorex from hydrochloric acid solutions (> 9 N HCl) permits 
separation of An, Sb, Ga, Fe and T1 practically from any subjects. Other elements 
are either not extracted at all or are extracted to an insignificant degree [12, 


13]. The nuclear physical characteristics of 1 Au, ^ ‘“ Sb, and Fe make it 

possible to make a quantitative analysis of the indicated elements by y -spectra 

204 

without further separation. T1 is a pure 3-emitter and in the given case does 
not provide any obstacles. 


59. 


We determined the content of Au, Ce, Sb and Fe in extrapure samples of 
arsenic and silicon. 


100 mg oT arsenic and 400-450 mg of silicon, together with the standard, were 

1 y / ? 

irradiated with a stream of slow neutrons 1.8 • 10 neutrons/cm* • sec for 
8 hours. After irradiation the samples were etched with hydrochloric acid and 


2 


washed with distilled water. Arsenic, together with the carriers, was dissolved f»l 

aqua regia, the solution was boiled down almost until dry and the residue was 
dissolved in 3~5 nil of 10 N HC1. Silicon, with the carriers, was dissolved in 
hydrofluoric acid in the presence of hydrogen peroxide and distilled off in the 
form of tetrafluoriae . The remaining admixtures were dissolved in aqua regia, 
boiled down almost until dry, and the residue was dissolved in 3~5 nil of 10 N HC1. 


From the obtained solutions, an extraction was made with equal volumes of 
chlorex for 1-2 min. After stratification, the lower phase containing Au, Sb, 
Ga and Fe was separated and washed twice with 10 N HC1. Arsenic and all the other 
admixtures remain in the aqueous phase. The chemical output of determinable 
elements was 90-97%- 


Fig. 1 depicts the y-spectra of the isolated admixtures from arsenic and 

silicon taken on the AI-100 analyzer with NaJ (Tl) 40 x do crystal with resolution tf 
i -xn 't 


If it is necessary to 




1 37 

9 % for J Cs. The mean data from several analyses are given in table 1. The 
relative error of the method lies within the 1 imits^T^)lO%. 
analyze a large number of admixtures, the proposed technique of group separation /l?l 
and analyses of Au, Sb, Ga and Fe can serve as a constituent of more complex 
schemes. 
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Figure 1. y-Spectra of Admixtures Au, 

Sb, Ga, Fe Separated from Silicon (l) 
and from Arsenic (2) 
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TABLE 1 


ANALYSIS OF ADMIXTURES IN APSENIC 
AND SILICON 


Element 

uom-enr ,7? 

in arsenic 

in silicon 

‘u 

! 

5.5-nr 

1 ,6 - 10“ T 

Sb 


l.M (T* 

Ga 

3 - nr* 

2 . 5 I 0 -* 

Fe 

5 - ur* 

< 1 to-* 


X-ray irradiation of radioactive isotopes of thallium seriously hinders 
^ spectrometric analysis of the admixtures. contained in it. Therefore it is 
desirable to separate the main mass of thallium. In the given case, we used 
extraction of Tl(lll) by chlorex [l2, 13j from 3 N HC1. Under these conditions, 
only Au(lll) passes into the organic phase; the remaining admixtures stay in the 
aqueous solution. 
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Fig. 2. y-Speetrun of Sb, Ca and Fe 
Separated from Thallium 
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For analysis of the thallium samples, 10-milligram samples were taken. The 
conditions for irradiation and subsequent treatment were analogous to the conditions 
for analysis of arsenic. The macrobase was removed by by extraction with an 

equal volume of chlorex from 3 N HC1. Then the aqueous solution was boiled down 
to a small volume, 3-5 ml of 10 N HC1 were added, and extraction with chlorex of 
Sb, C.a, Fe and the remaining amount of thallium was carried out. The organic 
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Fig. 3* Y-Spectrum cf Zn, In, 

Cu, Co Separated from Thallium 

phase was washed with 10 N HG1, then the Y“ spectrum of the separated admixtures 
was taken. The aqueous phase was boiled down three times in a mixture of HNO^ 
and HF almost until dry. The residue was dissolved in a small volume of 6 M HF, 
and the solution was put into a polyethylene column 2 mm in diameter and 6 mm 
high filled with anionite Dowex-1 in the F-form. Then In, Zn, Cu and Go were 
washed with U0 drops of 6 M HF and their ^ -spectrum was taken (measurements were 
made in 20 hours after irradiation when the Mn and Ni isotopes had completely 
fr n " ii ew €e «n) . The As, Te and Sn remaining on the column were washed with 60 drops 
of 1? M HF. transferred into chlorides, and separated on a column filled with 
Powex-l resin in the Cl-form. As was washed with 30 drops of 11 N HC1, Te--20 
drops of 0.1 M H 2 C 2 0 4 , Sn— 30 drops of 0.2 M H,,C 2 0 4 + 2 M NH^NCy The activity 
of the separated isotopes was measured on pndwindow counter. 

The obtained y-spectra of separated admixtures are presented in fig. 2 and 3. 
The mean results of analysis with regard for the chemical output aie given in 
table 2. 


The subject of analysis for trichloromethylsilane was the product purified 
by rectification. 
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Fig. 4. Schematic Diagram of Extraction Cet traitor of Flem-nt r-Admixt ures 

B aqueous phase) 0 -organic phase) ‘ analysis in aqueous phase y-spectro- 
me^ ically of content of Au, K, Naj M analysis of content only of Tr and 
Rt^J/ analysis of Fd and Ft requires further separation 
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Before i rrad lation. 300 rr.p of t 1 lehloromoi .hylsilane were subjected to 
hydrolysis; the residue whs dried and irradiated. The irradiation conditions 
are ihe same as in the case of silicon analysis. 

Fig. 4 depicts the schematic diagram of the extraction separation of admixtures 
(with carriers) into groups convenient Tor ^-speetrometric analysis; here certain 
elements were Isolated in the individual state. The following were used as 
extracting agents; 100?S solution of chloiex, 0.08 K solution of quaternary 
ammonium compound (QAC) (technical product containing 6.V”? i'.ise substance) in 
d ichloroethane with addition of isoamyl alcohol and 0.1 M solution of DBTFA in /l?4 
carbon tetrachloride. The mean results of the .dialysis of several samples of 
trichloromethylsilane with regard for the chemical output are given in table 2. 

TABLE 2 

ANALYSIS OF ADMIXTURES IN THALLIUM AND TR ICH L0R0M ETHY 1 S I IA NE 


Element 

Isotope 
used for 
analysis 

Energy 
V -quanta 
keV 

jContent % % 

[in 

IHhalliun,! 

in 

' silane- 

Au 

\u 

41" 


<3- 

Sb 

'"sb 

.Vie 

6 ur* 

S |0-» 

Ga 

: *(7a 

i*30. 830 

3.9 ’O'* 

^4 tic* 

Ki' 

**Fe 

tioo, i jor» 

3 10-* 

<1 •'.(»-* 

Cu 

w Cn 

510 

3 .0-* 

2.1* 10“ : 

To 

W.Vr. 

IY 

140 

1.3-H'~* j 

[ <i io-« 

Co 

•Me 

1170, 1330 

2.3 10'* 

<1 io-* 


;, Si' 

140. 270 

— 

i *>io-* 

lu 

” ,M ln 

100, 550 

5.1 • 10”* 

1.7 10'* 

So 

"’Ml 

300 

1.2 Hr* 

<;10~* 

CH 

,l *Cd 

520 

— 

<3.10“ ; 

7n 

,,Vf 7n 

440 

2.8 Ur* 

<1 ur* 

\V 

W 

134, 480.080 

. 

<6-10-* 

»•' 

»**Rr 

f 37 


<2-10~ ? 

Ail 

"* Vg 

f.80, NS0 

— 

<210- 

As 

• \* 

550 

3.6. Hr 1 j 

3-10-* 

K 

•■K. 

1530 


7-10-* 

Na 

**N« 

| 1370, 277*0 j 


1,610-* 


All the proposed techniques were preliminarily verified with the help of 
tracer atoms. The quantity of each element was determined by a comparison of 
the activity of the separated admixture and the activity of the corresponding 
st andard . 


n 
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Conclusions 


1. A technique was developed for ^ -spectrometric analysis of Au, Sb, Ga and 
Fe in arsenic and silicon. 

2. A technique was developed for analyzing Sb, Ga, Fe, In, Zn, Cu, Co, As, 

Te and Sn in thallium. 

3. A technique was de\oloped for analyzing Au, Sb, Ga, Fe, Cu, Te, Co, Se, 

I” Sn, Cd, Zn, W, Re, Ag, As, Na and K in trichloromethylsilane . This technique 

co. he used to analyze silicon, silicon carbide and germanium. 
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KpoMiinfi. mi.iiii i.ji 1 ; n Ta . 1.1 uii niumoTon miiiimii in ociioimiux Ma- 
Topiin.ioB nonynpoBo.iHiiKOHon tpxmiikii. noaToitv onpeie.iPiiuio oo- 
ippncaninxon a hii\ nnKpoiipiiupocn iipniaoTtH Gn.ibiiiop aiiancmip. 
lip Ml’IlPO lUPOTKIU* Tpp *1111101111 11 It" KO.lU'ICPTRy npilMPrnWX i.lPMOIt- 
TO 11 II pP.TMl B.l H K • T 0 II T.1KHJP K I1P\01IIMM IipoiYKT.1'1 1.1 H 11* *.T V H « • II 11 n 
FW. 1 J upon" T!IITK"ltbl\ BOIIU’PTB. H.lll'xl.IPP 'I V HC T H IITP.'l Ml t.t M MOTO.IOM 
oiipc.ir.inniH MnnponpnMeccit mi.iiiPtm ai.iiiBatuioniiuii mptox 

AKTnnannonHoviy oiipeit.irnnio iipuMPcofi n KpoMimn 11 iicxoahijx 
npniyKTiix xiii orn iio.iy'iphiiji ii .nurp.irypp noiBfliuoiio lonn.n.nn 
Go.ii.iuop K".in'iprTBo paooT | 1 — S). It uoKoTopMX in mix [I — # 1 onu- 
raiio onpp.iP.to. .ip npttMPi ph iiop.ip p.i.i.iomomiH oopaatln n b!,i;ip.ip- 
nmt naiKioro pa.'inoa.iOMPHra » pi.inoxtiMii'H , oi;it *iiutom iiiup r no 
miiiiibbi ooij’ihux oita.inTmecKiix npnoMoii. OGu'ino tikiip 'iptoii.iju, 
xorii 11 06.1a.1a 10 t bi-iookoR q\ iictbiiip.imioi imo onpuo.iennn, r.io;iaiu 
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ko Goa pat.ioJKoniiH nooGuio <ipho ikiomcu iu-aa nubiion aKTiiBaunn 
ociiobhoto BomeoTia. 
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a ;:ik;i»o air |taa;u*.iciiii»i a.iompiitou Ha rnjrunu, y.iofiiiue aar y-ciieh- 
TpoMcrpiiMccKoro onpcniMcimn. iuuiUTe.il.Ho ynpoipaeT it ycKopnei 
npoHO ’viiiie fliia.iiua 1 1 1 J. 

lIpniuMcimut' ii a mii ncc.ie.ioBnnnR aKcrpaKunotiHux rnoficTB 
p.|V-.in\.iop;umii.ioBoio 3(|mpa (x.iopenca) (12, 13] it niiMPTiuGeu- 
an.ia.i Kit.ia m <ioh itfi x.iopii aa (MAO) 1 14). a takiko .inTepurypaue a*h- 
uue ii. aKv ipa kiiiiii ph.ia .up mp it tub An-H-fiyTn:iTno<|iotft)npnort kuc- 
•loToii i;u; m»K) 1 1 o] II HO \poM l iToipui|)> M i!CKOMy pajre.ieiiiuo aae- 
MeiiTou 1 1, I*'.] M\.m iio imo.khocti. paapin'oTim. piu motimiik nKrnna- 
iin..nn..|o onpc.uMtMiiiH iiciioT'.pbix npnMect’ii u KppMituit, mi.hui.hk 0, 
ra.i.mii ii Tpiix.iopMt , Tiucii.i.im > . 1 1 pit dtom on pa iii a am i. ocoooe buh- 
Maiiuc na BU.ic iciiiie npuMcceu u nine ipyuu, y.ioouux A-ih y-cneKT- 
poMi'Tpii'iO' i.oro oiipcAiMcmrn. 

;iu rpai.mm x.iopeKCoM m co.iuhokiic.imx pacmopoB (^j 9.Y HC1) 
noJBo.inor iiuje.iiiTi. \h. Sh. (’.a, Fe it T1 npamii'iPCKH im .nof>i4X 
oobCKtou. ,'lpyiiic a.icMciiiu ii.m cobccm up aKCTpampyiuicn, u.ib 
aKCTpar iipyioii r n ho uiaiHTO.ihRnft creneiiR [12, 13). }l;u>piu>-«[)iMH- 
lecKite xupnKTcpiicTftKlt ‘"An. ’-Sb. :j Cia n 9 Fc .laior bo:imomboct» 
tipoBci i ii Ko.iii'ieciBeiiHoc onpc.ie.ieirnc yKaiannyx iiomchiob iio y* 
rDe».-]iaM Ocj AaAMieiiuuTo pa uc.ieiun. ;p, Tl— incTuil {S-ii.uiysaTe.iB 
n b 1 .. 11110 M c.ij'iae iiitKaKitx noMe.x tie bhociit. 

Ha.\m oi.i i*. npoBc.ieuo onpejc.ienue ronepa.amiR An, Ge, Sb n Fe 

B OCOOO’IUCl MX (A'pdJU.’X MUnil.JIKU II KpOMHIIR. 

:(>0 .i; Mumiaina ii tOO— 450 mi kppmrith bmp. re c JTa.toiiaMH ofwjyi»ioT 
ni.T'.K'.M it'Uhi.iv utniponon 1,8- 10 1 neiirp cm •cm ■ te*«»*ii ««• k Mac. Ilocae 
oo ix'it-uun i.'pnmi iipeipju.iiiB.iiuT • uahhoFi kid .lomu ii nflMunaior irirm.'UTii- 
poua mhoii uo.U'ii. Muuii.hk uiecTe c iiocim.iiiun pacTuopnioT u nuptia.fi aonaa, 
Prt. TBup \ iinpmi.imr u.mu AOiVxa n octbtok patTBopmor b .1—5 mu 10 N HCL 
HptMIUIIII C II. I. IIH’.DIMIt patnu.pHIOT UO (fcTOpUiTOBu I'.polHi.li Kill. ID t« B HpU- 
cyrcint'ii m pei.iHii BaJopoia ii otioioiiot b Biue TeipaipTopiiia. Oitnioniioc* 
up. I’ll , a pa uiopiim ii uap. Koii boakp. ynapnnaioT Aocyxa u octutuk pacn*o- 
p.. i* . . ii j- > .u.i JO .V HCl. 

lla ao.iyieimux pa. liiopou upoUJBO.uiT UKi rpaKumo pauuiJMii oC.i.cmbub 
jLiopeii a n le'iciiue l— J m.ih Ilex:. in pa. caauBaumi iiiiimix.io ijui iv. coarpHca- 
myn An. Sb. ( .a ii Fi\ oiAc oooT ii upoMUBaior 2 pnia m V III I. Mmuikbr 
ii Bit> in ia.ii.uia>. upUMiMi ocrjumH n boahou i{.a3e. XuMUMecKnik bkixoa onpa- 
:iei(H”iu\ a.injieuron cocian.iHer JO— 97%. 

Ha pile, t iipuncAeuhi y-cuempu nu.ie.ieiiiaix iipuMeceft in 
MMUblli.i 11 KpeMIIUH. CIIRTUO 110 aiia.lll lATOpO All IUO C KpiICTBAAOM 
NaJ (Tl) id X iU l pa.ipeiaeiiiieM 9% no l4r Cs, Cpc.niuo rvwinue na 
lid Ko.iM.nv niipcje.ionmi npuiie.irnw h Tno.i. 1.0Tiioi iiip.ibuuHouin&- 
kj \u* i o.i.i .n-sKiir b iipeA»*.Tax - 10%. B c.iynae iieooxoAHMocTU on- 
l>i;ir. Hinm fio.ii moio suc.ia upiiMeceft npeAAdraeii.m mpioauku rpyu- 
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Pnc. 1. yCneKTp . npiiM*" »-i* A ». J h. F«» 
nhJ,ie.ieiHiu\ iij upcMUiiH (/ :i in Muuibitica ['') 

noporo MJie.iomiH u onpeae.ieiuiH At Ga n l'e Mower c.iywnTi. 
coct. union ’tncTi.io uo.ii‘«* c.iu;kiili\ <••• ’ 

PeuireHOBCKoe m.iysenue pnaiinm'ii .n'.n la.unn cn.ii.no narpva- 
mhpt Y-cnoKtpoMOTpnMi'CKoe oiipe.ie.iMMi" < oaepwamnxcn n hpm upn- 
Mcct’fi. IloaroMy o< 1 1 • • n 11 \ h > Maccy i;i i.tun H»c.iaTo.'ii»iio otjo.iutI). 
H aannoM c-iyim* mm ncno.ib.innu.in n:< Tp.iiainio Tl (III) x-iopeneoM 
[12, 13] in 3 A ||(. I. Ilpn ,)in\ yc.initiiit . n oprnniiuecKyio «|>a.»y ne- 
pexoanT io.ii.no An (III), ociu.n.nuo npit m»-« u ocrawTOi n BoanoM 
iiacmopo. 
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OHHUX CBOfiCTB 
If aHMCTH-lflCH- 
'epaTypnue a«h- 
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laaae.ieunn o.ie- 
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3-5 m 10 N HCL 

I -ft KUC.IOTV II upi- 
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ocKnfl a u vo.; onpo- 


x npnMeroii in 
iX) c KpncTa.i.iou 
anae aamibic u.i 
citTe.ibHaH ouiiiO- 
x'ixoaii.vioi Tii on- 
MBToauKa rpyn- 


n upeM-imi 


m m mi .in n 


1 ,G- SO*? 
1 , 7 - ur» 

2,5- 10-* 


5,5* 

8,:i- 

a. in-* 


Anru*auucHnof anpf')t.i*Hut nptiM*ct‘l # 


- • ♦ , 'in t Marepua.titr I « f 


ORIGINAL PAGE ft 
OE POOR QUALITY 
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HoMtp KOHt.te 

Phc. 2. vCni'Krp Sb. lia, Fa, Bu.ir.ieiiHbix m xb..i.iuh 

Jl.m nHa.iHja oGpa.moM Ta-xnan OepyT 10 Mii . i.iHrpaMMOBhie uaBecKH . ycao - 
bhh ofuv’ioiHiH n Utff . ie4yionuft ofipafiomu aiin.iorimHu yc.ioaiiHM asaania 
MuiiiuHKa . MaapuiH HoBv na ~ 1*0 n yaa . ina>x ancxpaiupteft paaauM o 6 x«mom 
ZJ ioprKca na 3 .V HCl . OareM bo . vhwS pncxaop yuapiiBamr , k > naaoro oAkma . 
iipinmtuiimx 3—5 ma 10 .V IH'.I n opon.iao iht sKCTpuKiimo x.iopeKcox Sb . Ga, 
Ft « s ocTaBUierocn KonmetTaa xa . i . nrn . OpraiiHiecKym ibaay up <> Muaaa>r 10 It 
HCl , 3a tom cuiMaau v <"npKTp BH . t’.ieHiiux iipaMocoiV Ikuayai 4*»y rpraau 
yuapaaaa>r a cmoch UNO , n I IF no*tra aocyxa . OcrarcK parraopaioT a no - 

Go.imiiom oGlomo 6 V HI' n paciRop aao- 
.mr b no.xnjrn.ionoayio ko.iohkv aaauax- 
po.M 2 mm u nucoToit 8 mm. aancxiuaanyio 
aBiionaxoM Jayanc-1 b F <|>opMo. 3ot«m 
40 Kan.inxa 6 .V HF bummiibiot In. Zn. 
Cu. Co n canMamT ux y-rnoKTp (aamip#- 
■mi npoaoAHT Repos 20 sac. uov.xe ofiiiy- 
nrmis, aor^a ii.mronu Mn ■ Nt naa- 
nocTMo pacna.iaama). OcTaainaocn ua 
ko.iohkb As. Ta n Sn nuMwaanT BO io 
K an.inMn 17 hi HF, uepeaonxr a xaopajy>i 
n piu.tP.xnioT Ha ko.iohko, lano.iiifiaiiufl 
I'Mo.iufi ZlaysKc-t b Cl tjiopiie. As auau- 
Bawi 30 r» Kaninua 11 N HCl, T» — 
20 id Kan.inMn 0.1 hi HjCiO*. Sn — 30-a» 
Kan.niMn 0,2 M H 3 Cj0 4 4- 2 M NH<HO». Ak. 

TIlBHOf Tk BtUC.lilIHUX 1130X0008 T . BMB - 

pnioT Ha TopoouoM cnax ' iBKO . 

Wilt _ 

\ llonyieuHMO v cueKT P b * 

.iphhux npiiMeceil apHRO^ciiM na 
p * c . 2 n 3 . Cpo.inne peayjikTaTbi 
T onpo.ie.ieHBH c yncxosi xaMiraecKo- 
ro Bijxo^a up nno.it ' hu b Tafia. 2. 

B Ka’ioc rno of>-Hni<Ta npi'. aiiaAfl- 
ae Tpnx.TopMi'Tii.irH.mun Cpr.ncn upo- 
AJKT , oiaup’unuft poKTH (]> nKaunoft . 
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Phc. 3. y-Cnemp Zn. In. Cu, Co, 
buao.ichhmt ns ia.-i.inn 
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* titsr# 


j Ta&aa* 

xoauo Kit. Vcji>- 
l yc.iosBMM aumitij 
pannuM oGu>uou 
>t no uanoro oAumi. 
ib xnop«*Kcoi« Sb. Ga. 
>a>y npoMUUair 10 ,V 
l W» 4»aay rpawnvi 
* par raoparor ■ h» 
•W fIF ■ pacTHop nao- 
MaioHKy animat 
i I jlk aan(Utu>nHya> 
I a F <J»o|>wr 
P auMhiaanr In. /rt. 
■x Y-fnaKTp (aaurpa- 
» 20 H»r. noc.xa ofi-iy- 
I IOBM Mn h Ni oaii 
’a). OcTaatnaora Ha 
Sn nuMNiaBT fW> to 
acpeaoAar ■ x.iopa>iu 
vtoKRe, xanoxiieaioft 
Cl Aj vumu- 

IM 11 N IfCl. Ta- 
V HiCA. 5*n - 3 <Vb 
j 1, 4- 1H NH,NP, Ak 
iui HioTonon um#- 
* xtraaxa. 

y-cn«Krpu rm,vp- 
tl n pa none iiu na 
'l»*o ptMynkTaru 

IPrOM XHMHHCUxl)- 
whh a tr 6 ;i. 2 . 
v»ktb npn nHa.ta- 
> B.iann Cpa.icii npo» 

1 I px'imii}>ntianapi. 


**?•*•*•*** nf UMteta * noAyn potofi hurj«mx Martpua*as t7a 

H*.uM ofttvipnuau - 300 .«.• Titax.iPpuaTB.nu.xana uo.naapraoT ra.ip tvnaay. 
O. tatpk auiyulunaatr n ofuyiawi. Vi ioutH of>.i>irnu»t taKan wo, naa n a c.iy- 
«uo m«a.iuaa apcunnH 

Ha pnc » npiiBoaena rxoua .»KcTpnKnnomu*io paa.io.iemm iipHMO 
ccii (c lUK'iiTp.wiMu) ua rpyuau. y;ioom.io ;i.ih Y-cnoKrpoMeTpa-iWKO- 
ro onpenejeunn; upii .*tom noKolopuo 'i.'iiru hu.ip.ir i nr n 
iuva.uwm coctohuuh. H kh*u'0Th<p JKOTi.areiiTOB npiiMonwia 100 
Huft paomop xjtopeiua, 0.08 M pa.taop MAO (toxmiMecKnft upottym, 
coACPwamaft 05% oiuohhoio mmocTHa) u ,nu.iopjTaiie c noHanKofl 
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.V iioro n.ioiiMii.Tonoro runpTa 11 0.1 M pnrrnop JU»’PDK b MOTUpex- 
x.mpitfTnM w.iopoae. Opoynno pe.iy.iMan.t ann.in ia neeKo.ii.Ktix na- 
iu’Ci'k rpn \.ii>pMot H.ii (i.iaiia o y*ieroM xmmivicikoio nuxoan upimo 
;u»iim a rao.i. 2. 

Ike ii pe i iaiaeMi.il* MoioyitKii npe.inapme.iMio nponeponu c no- 
Mi'iut.K' momoiimx aniMOB. Ko.iipiiytiio Kawyoro i.iextenTu onpeyo.ifl- 
.loii. i paniieiuieM a Krunnoe tii nhtye.ionitnft npiiMCcn c aKriiniiocTMO 
eonrBOic niyKunero mu.miia. 

Rijbo.im 

I. Faipafiiuniia Moio.niKa y cucKTponeTpM«ieeKoro onpeae.iemiH 
Au. Sl», On. Fe 11 MMIIIMIKO II KpOMItnil. 

2 I'a.ipaooTaiin MetoyiiKa otipe^e.ienuji Sb, On, Fe, In, Zn, Cu, 
Co. As, Te, Sn n ta.i.imi. 

3 . I’ajpaooraiin MeroaiiKa onpeae.ientin An, Sb, On, Fe. Cu, Te, 
Co. Se, In, Sn, Ctl, Zn, \V, He, Ag, As, Na, K u Tpnx.iopMeTnycna.iiip. 
Ht.i MOTeyitua mojkpt (iuTb npiiMeneiia y.tH aun.in.ia KpeMiutn, napOn 
an Kpevuiim, repuaiuiH. 
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■ indicate that the presence of the O atom in SbOQ.2HQ i* the 
tMin difference between the 2 compds. ami the 2 8-hydroxy* 
quinoline niols. in ShOQ.'JHQ arc tirinly bound through the N 
atom. Tiie 'tv-visible absorption spectra of the Still II) com- 
plexes are similar to those obtained (or oilier cations coutg. 
no <f -elec Irons, the absorption bands art due to combined org. 
ligands. The diffuse reflectance spectra indicate that the 2 
compds. are structurally different and thus confirm the ir in- 
vestigation. J 1 ) J N 

50094 w Qualitative analysis by Altered electron images. 
Caxluiiig. K.; El Hili, A.; llenrv, L. (Fae. Sci., Orsay, France) 
Congr. Int. Opt. Rayons X Muroanal., 4ili Ursuy, Fr. 1905 
(l’ub. lWltt), *7-82 *Fr). A metliod of <|uul. anal. Iiased on 
electron images filtered by n mux nc tic prism and an electrostatic 
mirror is described. The limits of applying this metliod depend 
on the characteristics of the spectra energy losses. 

Luigi Caiupaiiclla 

50095* Determination of impurities in uranium compounds 
by atomic ahsoiption. Walker, C. K.; Vita, O. A. (CJiom. 
Anal. Dcp., Goodyear At. Cnrp., I'ikctou, Ohio). /\nal * 
Chim. AiUi 1968, 43(1), 27 35 iFngt. A method c described 
for the detn. of I l clcmcnt.s ( M, Cd, Cu, Cr, Co, Cu, Fc, l’b, 
Mg. Mn, Si, K. Na, Zn) in C and C compds. bv at. absorption 
spectroscopy. A sample is dissolved inti 8.Y 1 1 \ O, . from which 
the If is selectively removed by a single extn. with Hu,l’(), 
The aq. layer is evapd. to dryness and the residue is r (’dissolved 
in l).2Af HO. Any or ail of the elements can then he detd. 
in this 1 soln. by at. absorption spectroscopy. The limits of 
error in the analyses arc < 10 ' , . Thus, the method gives about 
the same precision as colorimetric procedures, and it is much 
nioie precise than emission spectroscopy. KCXK 

56696y Ihe analysis of silver* 11,1 oxide. Lloyd, C. I’. 
(Utiiv. Newcastle, Newcastle, Aust.). Anul. Chim. .1. tn 
1998, 43(1), Ha HIT iFng). Five methods for the anal, of 
AgO were crit. cv.und. and modified proccilures arc proposed. 
The effects of varying tcinp , soln. eotnpti., and Hint . of oxide 
were studied for methods based on: the oxidti. of FcSO, in the 
presence of or acetate -buffered media; th< oxidti. of 

iodide ion in ncutial satil. soln. or til acetate buffered soln.; and 
the oxidti. of H.ti to ynld () from strong acid solus. 20 refer- 
ences. KCXK 

56697z Potentionietric titrations with ion-exchanging mem- 
brane electrodes III Experimental results, ljsseling, F. 
P.; Van l)alen, F. (Free l niv., Amsterdam, Netli.). Anal. 
Chim. Aria long, 1,3(11, 77 87 (Fug). Potentionietric titrtis. 
with ion-exchanging membrane electrodes for end point detection 
are described for simple pptn. and acid-base reactions. When 
only monovalent ions are present, there is u qua! agreement 
between the tilm. curves obtained and the theoretically ealed. 
curves. KCXK 

5(>698a Determination of impurities in highly pure substances 
with the aid of diantipyrinylnicthanc. I. Zhivopistsev, V. J’.; 
I’etrov, I). 1.; Selezneva, E. A.; Silm yakov, N. F‘. Tr. Rom. 
Anal. Khim., Akail. A auk .S'.N.Sft, Inst. (Irohnim. Anal. R'him. . 
1968, ill, 8*1-3 (Russ). Small amts, of Sb, 11., Cd, Za, and So 
(impurities) can be evtd. with the titie cotnpd. i) in CCI, 
(ruin Cl solus, (optimal amen. 2.5 .(.V 11CI) and Sc, lif, V, 
U. and rate earth elements from nitrate solus. 'optimal com u. 
0.2 -0.5.V UNO, lor Sc, Hi, O.V 1IN<)| for Ilf/. Ibis gives a 
Satisfactory sepn. of the elements of very pure salts, such ns 
salts of Al, Ni, Cr, Be, Mu, alkali, and ulk. earths which urr 
not extractable in only slightly extractable. The ext. is evapd., 
fumed with 1 l«S< h, mixed with Zr standard, and i ah mcd. Sam- 
ples thus prtpd. were analyzed speetrographically * comparison 
line Zr 2571.4 \., slit width 0.*H ) 4 mm.), (joint del its. are 
made with a cal 'brat ioii curve. W. Uutibo 

5069vb Increase in the sensitivity of the spei traographic 
determination of trace impurities in refractory bn es Mom- 
shktn.i , I . M. I'r. Kmn. ,l« Rltiir., Ak.id. \unk YS A' Inst, 
(irohhin . Ann’. Klimt. 19(i8. Ill, •>.' > <Ku -i. Small amis, 
(in * HI •%) ol l e, 1 1 , \l Si, Ca, Ni, Co, Mo, ml l’a were 

detd . m \\ Oi, Mdl , aid 1'., li Sample., till I ,i \ oxides) 
wele made into disks bv sintering equal amis, ol tin .ample and 
very pure Cu powder (or ;p, lil see. ni a special < I, < turiiaec. 

I In d. ks were then urcid , i.c.) on iiopoit, I Cu ch.trodis 
(ilium. 8 nmi , in current 8 amp . volt. on . JO i , ex/., ,.ni. 
time 2 mill.). flic mleiisities of Inx s in tiic hast iu.ii.ii.il «.* 
the mteti.sities ol the background neat the and lines of the 
element being detd. wire used as the iiUn.al land oils The 
l net ease in setlsitivitv was coiiiirmc.1 for la. la, am! \l in \b-*l , 
a somewhat improved sensitivity w.s found m the detn. ol 
Fe and Nb ill 1 a, Ik, and u greatly improved sensitivity was 
found in the dele of I and Ni 4 tefi-rcmo-. W It. mho 
56700v Wet chemical determinations of some common 
impurities in alumina. Julietti, R. J. (Morgaiiit. Res. anil 
Develop. Ltd., I K). J. /h'l. Crntm Xoi . 1968, ‘nl), 47-58 
(Fug). Standard methods lor Ihe colortmeli i, detn. of hi, 
Fe. •Si, V, and Na hi high-grade AM), are suggested. Ti is 
detd. by reducing the Fe** to Ft’ 4 , complexing Al with XaOAe, 


and measuring the absorbance after 20 min. at 380 mn- Tod,. 
>0.005% Fe,l)i, Fe 14 is reduced with NH,OH.HCI. tlie )■> 

1 ,10-phenanthroiine complex is developed in a NaOAc-H(),\ r 
buffer (pH 3. 5-4.2), and the absorbance is measured at 510 ir,, 
To del. 11.(8)2-44.1 % Si (l’,0» +- \TO» <0.02%), an aliquot of , 
HNOi sol ti. of tile AliOi is adjusted to MKJ ml. with H,l), anj 
treated with sufficient UNO, to uiljust a similar aliquot to pf| 
0.85-44.18), and 5 ml. of O.t ) (SM Na molybdate is added. Alter 
15 25 iniu. at 20-5°, tartaric acid and H,SO« are added, and th« 
complex is reduced with ascorbic acid. After 10-40 min. the 
absoi bailee is measured ut 815 in g. V is d«ld. by oxidn. to 
V* 4 with kMnO,, adding A , -betizoyl-/V phenylhydroxylatnine j* 
HC1 soln., extg. the violet complex with CilCIt, and rnrasurls( 
the absorbance at 524 him. Cr,Ojand TiO, must be <20.(8 H o&j 
0.003'', , reap. V is ulso detd. by catalytic oxidn. with KQG, 
and I'hOlI as accelerator. The absorbance is measured at 40* i 
ilia. For the detn. of alkali metals, the Al.Oj is completely dis- 
solved cillu i by alk. fusion with Li compds. or by decompn. wnh 
11C1 m a sealed quart/ tulrc. M. Klmxltc 

56701w Activation determination of impurltiea in aomi 
aemiconductor materials. Artyukhin, 1*. 1.; Gil'bcrt, F. N.; 
Pronin, V. A. Tt. Rom. Ann/. R'him., A had Sauk SSSM, 
Inst, drokhim. Anal. Khim. 1968, 16, 16H-75 (Kusa). The 
methods I < ,t activation detn. of some impurities in Si, As, 'l l, and 
McSiCL *1 were worked out on the basis of extn. properties ul 
bis(2-c)ilon>ethyl) ether (11) and dimethyltienzylalkylauimomuni 
chloride (III). In rsp. pure A - and Si samples, Au, t'.a, Sb, and 
Fe were detd. with a relative error of ±10 and chetn. yields of the 
elements detd. of HO 7%. Together with standards, 100 mj. 
As or 400-450 mg. Si is irradiated (1.8 X 10** neutrons 'cinA-aee.) 
for 8 hrs. After the sepn. of As by aqua regia and Si in the form 
of Sil «, the residue is dissolved in 1ILV 11CI and extd. with U. 
The y-spectra of Au, Sb. Ga, and Fe impurities in As and Si art 
reproduced The irradu. conditions for the anal, of TI and 1 
are the same as given above, Flic greatest part ( ~V() r I ) of the 
T1 of the II sample is sepd. by extn. with II from 3Af HQ; 
I(»A' HO is added to the aq. soln and Sb, Ga, Fc, and IT residues 
arc extd. by II. Alter 3-fold evapn. in a unxt. of UNO, and 
1IF, the aq. phusc is dissolved m 6.1/ 1IF and In, Zn, Cu, and 
Co arc eluted by means of DAf IlF on a column coutg. Dowex 1 
anion exchange resin (F“ cycle). f Tr, As, and Su held on the 
Column arc eluted with 17.1/ IlF, converted to chlorides, and 
sc pd. mi a column coutg. I)owi x 1 in the Cl cycle by means uf 
11 A’ IICI, ».l If H..C,(> 4 , and 11.2.1/ H,C,0, + 2.1/ Ml, NO, fur 
As, Te, and Sn, rrsi>. The -,-s|>ectra of Sb, Ca, Fe, Zn, In, 
Cu, and Co, sepd. from IT, arc given. I was hydrolyzed before 
anal., and the residue was dried and irradiated. A scheme fur 
the extn. and sepn. of impurities into groups suitable for y-spcc- 
trnmetric detn. is given. 11, t' D.s.V/ III in dichloroethane contg. 
isoamyl ale., and 0.1,1/ dibutvlthiophosphoric acid ill CCI, were 
used for the cxtns. Au, Sh, C.i, F'e, Cu, Te, Co, Sr, In, Sn, Cd. 
Zn, \V, Kc. Ag. Na, and k ian lie detd. in I. J he same method 
can he used for the anal, of Si, SiC, ami Ge. 16 references. 

Vaclav Sara 

56702* Effect of "third" elements during the apectrograplik 
analysis of alloys. Goryachev, V. N. (ISSKi. Kb. Ktutn lit. 
Vop. Spckltosk. 1967 , 64 70 (Kuss). From Rtf. 7.h., Khim 
1968, Abslr. No. 2(,25. The effect of various conens. of Zn 
|5, 15, 25, and 42*’, ) in Cu Zn alloys on the blackening of Cu 
lines was studied Curves m the coordinates A'-log t'g» were 
obtained previously by X. k. Frnkof’ev (1M47), which show 
that, with increasing Zn concn., blackening "f Cu lines increaw* 
in an arc discharge and decreases in a spark discharge Without 
resorting to expt., this phenomenon is assoed. with the chaux* 
in temp, of the discharge. I hr Sach equation and a formula, 
which assoc line intensity with cuiicii. and degree ol ionization 
of atoms m plasma, and also with temp, of discharge, wi re used 
to tind value- proportional to t u lint blackening. At the same 
time, ii is assumed that >i. „ n/„ - l'< „ Cy.„, win re n is the 
element courtis. m ( disehau'i* and C t lie ir conens. ill the elec- 
trodes. Cu the basis 4 I'lokolYv’s data, it is assumed that st 
Zn cniicns m .hi idli v - I I •. 2 o , and I " J, the temp, of an 
in .h.ih.iige i- mil 10, I. ini, i .oil, and li'.intl , resp., while the 
temp in .i iiilidcnsed )iaik i (1518', (»7iHI, (18*1*1, and 1 1 1,(8 8J 
I'lie n ull ol lonipuiation. .ni p*. -ruled graphically on tli« 
..nil *i ni with I'logoi i v's rxptl. data. A comparison of 
i . | . 1 1 .mil call'd, rial, hs show .that l ae cut v,-s arc similar for the 
tn.ijoiity ol hoc-. From tin-*, the coin lu-.mii was drawn that 
the uici hair ill of lh> i ll. • t of 3rd elei inits is pmunrilv thermal. 

MBKK 

507U3y .Solid phase chemical anslysis in the Held. \ 4a- 
krisinsk.i, I’ I. iMosk. Geologoriixved Inst, im Ordzlionikidsa, 
Moscow, I SSK). /at-. l'\ i h. I\hf‘>. ilaied., ijfol. Rasttd 

1963. 11(3), 61 4 iKussi. Solid pliase anal., basis! on reactions 
lietweru solid substances, is a promising method for rapid anal, 
ill the field. All qu.il. clicin. reactions that usually occur "l 
solos, also occur in solid sub* tames at normal temp. The sot I 
phase reactions were made Imth with pure salt ami the mineral 
Reactions could lie made to occur on the surface of minerals or 


I lie ti lilt i || l .1111 1 >UI,lt I. Ill 
.tin, -. i.c w oh I ‘ii.got . v ' 
expt I . ami c.dcil . e lai.tis show 


adding Tiron reagent , adjusting the (ill to 5.8 with 8.\ I t.N* orey without their decompn., aud wit 
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